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daicers do nut (race us od a.natvses of their own
lint t.riltlc alues cost rise3 rdsv arc I 3 to
20 rer.rs Id and have, been re.

uct’rOn thcrr Otuit.i( ttrca ‘Rican-I lute
1996).. Few tavessocic nrodueera actual do site

qtscstiost the ratio usia behind rncr.rasre. sampling.
At least three qu.estions regarding the cifise-

trueness of tra. ultra sartrrsrrug trust nra usa Ott’tltSSa

values need to be addressc.d, First, how variable
.rsre nutrIent contents its manures and now rsiarsv
snh sansj .les would F -esluired to- ach ave a. rc-t.r
reserstative sam 169 Second, can table vaiue.s pro.-.
side reasonable es. rinsate-s. when ifrmers do not
have analyses Forts rlrts-jr- ss-wcr ocratilorss? TItled.
do regional .tnse,nees in climate and manage—
men t scat cnn recur ne us to dec-Ion tnu:e—bc
databases of : nanure nutrient cor:tentst

There are 13w published data that address
there concerns. ma arid Sm Hon 3300
eusphasrared that nrstrient e cart-non can be much
more accurately predicted than nutrient concen—
tranons in nsannia at the tune of land applica—
lion. 1 his is due to variations in climate, storage
and handling practices, and other site--specific
influences.

Manure nutrient content is known to be vats-
able (Rieck—Hina Ct :0. 19)6), hut the implica—
rions of that variability mr sampling protocols
have not been defined, except in a recent paper
by Dou et al. (2001). Don et al. (2001) collected
serial sanaptes trorn daii as swine, aid broiler paul—
try operatIons when. manure was heiny loaded
for field ippihatic-n’Fhev fiauncl that when
tadinu was used airs, lust-dine. curdle icots. c-f
variatiors (Clis) were 6 — (1313 within farna, arsd

rico was used, CVs ranced (i-cuss 20 30%, and at

nutrient concentrations vans 3 a6otst 10—ibId liar

(1 chIt; mourn I tha nas stoic nutrient: cal ucs cars
range horn 31) — 1113 %of table valueta Don et. al.

also twit: sled that.- tasic sisac
problematic. clue, to thu vaniabditv c-af on—farm

- datsnhlaciabillcss scot-as herds and - s’ithiu %rrms •ltas
h-ceo niehdv antnibu red to dttldrcru-ea in tcec(rrrg
practices, breed and age of the animals, scsanure
hairdimnc prsctt sac nrd
<.1 ir:dlev at (9:35: (darters at ai. j’-io(- b_.tecb—
I-linac et al, 1996)-: tl,sis wide variabdlitv led na to
question tt,it macf ta”e

iliicah—H isse. ct al - I 991: nae.ssnrc’d t trarsure

rsuu-iertt corsten—r fl-russ 113 dairies in north--east-

errn. Iowa usFs Slate dsflis n’ertt n-n struts: hart dlisne

dairy rsaaa-sure - nutrient aralyses. Tue nutrient

duct- .:a.,sras prc’;iou sty racrtsted rn Iowa and
other Midwestern states. They suggested that.

analytics3 son: rhoda, hnpro’aed sampling sssedsod--
ologac arid new fiseding, herd, a-nd rasannre t:san-
arecrareirt reclsnicruc-ta Sails a cr :3. i33--694( ,dao
reported dairy naanute N conrersts approximasate
Iv 31369- lsieher than those reoorted prevro-nraly hr
196 - R6-ck-- i-li-mast etal star ad that

cot coricencr:-stiot-Is that -were measured in tise
1971% a .3 renorrcd irs the lISOs (Sutreos a’s at

9(15,- 333’%,- i 954’ were ctsnt:inuimau no a-’
arid needed. to- be updated with morc recent
data..The most cutrrrnoulv rarecl table ‘-sines WI-ta

published hr Midwast Flats Sets sac Losrdon
19853 and were receiitltr updated (Lonirnor et nI.

Na gtrscral agreement exists. Fhere is .5 lack of
quantitative inform-ation on proper manure sarn
pling pr.ocedurerc and little understandiuc of the
variabmhtv that exists,’Wrth dais in mind, we con—
ducted this study with the f’sllowing objectives:

1.. “I’d measure the variability within stoat-—
piles arid lagoons of vat ions animal manures and
dcrern’tine the number of sub—samples needed to
ciiaracteri7e the nutrient content witlun a 10%
probable error;

2. To compare Colorado manure ,irsalvses to
rise- r;sble values we have (se—ri ri’.ine Sri ‘r’ rr pm: b-
hcaticans, which conic lions Midwcste-mn tiara;

Colorado samples and derernsine if we cats

‘f-,--’lc-.unataisn 5333

Methods and Materials
i-J’irhuii’-’aioakpile eatriability arid astb’_aaunplsn
reluireossnnta, litss sub-—sanrsples (appnvx-irnately 013
1. at. - writ i-cast, c-astir at lisa.:
psics (lice.i, dairç horsc

- sued’s, ant-s ci ickera) anrd
two firaished tnarsnsne rcanr-rpos-ts (dairy sand
tu t:tsnssi’ -as-’ct-r-t -(Jests-rd t I 9’6. I--it-sai:-t ata-sI-ust a
was, sasnapled fisosaa a chlistrena fans-s. Ta-’o samples
cs-c cc i-a less. ir-osn-r thr’- ton’ tto I -tact (-3cr tar ears-tin

For each pair of samples, ‘sane was cake-ta sisallow—
St i I

II ms (3 ftl- - For tha- ssde aar-r rpies., carte ctt- sold

naaas--ale pair was taken fnosn tlse rrniddle and osae
tier ms ncartt,e natruOr or inc. s-oahr’m;s’. Fasts ‘arm’
saurple w’as nsntsr’-vzc’d sc1-taratcly ban dr-ac rsaattcr
I) I c n in “ isis s ii

Ni - n-nitrate (NO-,- Nt - ehosmahorus; (69. art 0
--suns 33’ re ,lctcr:ssirre :lt.e ‘aart,rhi)-rs’, asatldmr the
pile rar lagoon. Dry mrsatter content was deter
mrssra--’il’v osama Irvrsre tm s-arnp,.-5 r Intl 33
(221 ‘F) r 2 4 (in total. Nwaa mmse:-sansrcd lay 3m-
combustioma; :snd. inoricanic N was eats-acted in
1 lvi K (Ii si i’d :sscs,aura-d b-c an’trsr’sa:ad n:,.l.erreic —

ncy: diatal P asad- K wertn ansalyzed by indsactively
a osstaredt plasnats spd-:ct:noacopv in nsitti-c—ss-mtiaicric
acid ,aieeass. tarn, 1 timers r’essrsms as-ste dons’, ante,; or

the tnxide fdnrmss liar prc-sentation (Sparks 199(a).
Cc--rllecred data: am0 etsu saints I flaw-a

were used to determine the nunsber of stsh—saua—
len nraecl, 0 n’N,.i.

where nsa Student’s s value fist a apecrfled pub-
ability (in this ease, for a 95% confidence, inter—

sad). C’ I.” iS time coet’ficicnt of varmation. arid p a a

percent probable error (in this case, 10%).
Comparison to A-fidua’atern table values. Beet)

cfairst horse., sheep, aisd chicken solid nnanmrres
were sampled in I 99ts throughout Colorado,
including operninons located in the South Platte
and Arkansas R_iver Basins, and in the Tin—River
Area on the Western Slope. Six to ten diffisrerat
livestock operations were sampled for each
mn,umnrm’ type. Each saniple was a composite ofsta
013 F 105 qt) sub—satnples taken horn dafThrent
locations arid depths within the stockpile, The
1:13331 , total—N, Nfi, rrhcschate (FtC)s, an’id
potash (KsO) values m-maeasured in these samples

nnsc,rnss (papa each firsts tear--
cal i-ra mIst,: witlsinr-—sndsr:kll I_Ic s’nrriabriat t-axpc-nimt:trt
were conshimsed into a database. The same linbora—
tsr ran naetl’ms’..Is s’-erc nrc—-tI as (na-at ;heel abase
6’s-at wcrain—s-tocs.akirts vartabs’rrty- tstsaan’/. Rc—suira
cvente cos’tipared tet valtres pneviotnsk— uset. in-a

ltotcs 3-iiclcvestste nsa rssananine aansaalea ILorsduia
19(35).

3i,iuri,ori Fl isc sisasmurs .frataba,’airi Is, I,,nsrtn
sanssp lea fntrt-:aa n-l.a-nec “k-lousstain SNiat” s,nates,
(Colcrs-ad-en, 5t-- Me-vices and. JJttsI-s) we-ne s--:esnrr

frosts ast-a-1(3’sc-s tlnat lsr-,d. b-c-err aci-un-sialated by

lyzed by tlse snsnnsc, lahorator These- sarnnples rep—
a summery of a55I irs,sl tapes, ;mm:ti,’trsim ‘vpes.
Ii-quss s, and acmsspa rated), years 1993 to

present), and sotsr-ces. For each statts, ti-ne: nuosben

rrstenvr-d (Cdli) suer--st c:ticarifrreti, Wiaco nnn-ne rhasr
,-tiae swat I--nat-I sara-tries. svitinjss a. nanir’,anne tvp3- rha

‘[‘4 s a 5 ID



overall me.an and (El. were also determi.ned,
Usreg ssnaivsn of val Sante, SUit conspired tool

nanme pro 5dasry onpost, dalU’ liqurd, dairy
solid, aid hicken solid) that nejuded samples
sirinimum of hue ‘er state) mm at least two if
the three states

Results and Discussion
Withiin-stockpile variability and sub—sample
requirements. The variability ofsanaples within a
nianure stockpi]e or lagoon drfihred for the par

ious entistituenis Atnnaornum and nitrate had
the /reslteSt ,toefh, tents of variation due to their
elativelu low Concentrations. The greater the

eoeittcjcits of va.rrsnoo the at-eater site nun shier
fsub—strm.pies required fbr oat-fr) analyses (T4hie

If f’tst example. to sseiaseae prtsbac’te s.srrcsrw fit-
I 11% lEt a. )cseef mason.: stssck.pde, one would

rice 4 ) a hsarssplns 5) e)saraetenise total
stE -.s,, tar’ies fr 14. 32 fir K 12 fair NH.5---

N, and 292 s.oh-sa.rstp)es fbr NOa-N.
e ste.) is required ants s:sstspie 555 tsss

fur the consittosts o ste aenerahly si-milan to those
of’ the solid us-’’ Fete nail stasstssares

‘°‘‘ to esttt sate tl’•- total. N, If toed K its a
s’toe belle c,etdt its tsrs.shah)e error with a

S 5 t S t 5

ii tr sois—sasssples c-sad. eornbittinst them to
ms We’ esessamssssst.e sanapi- lowevest 5’ tam—

aetetlee tise sl1-)--lf act) N0- .N leuds i
. ceder

ti.. trotS. s 3—S acetic -5,55 S’ . it etti. tee messes ted

(s—situ s5s5 15055 sOs. t t’ttCOta5CS sttlpmsle.Uesss ‘se’
if i.esfk-- )44, its a)., (1 996. used fair soF

sats-srsiec ocr fres itt their stttdu a nil If its e
(2001 seegested a I Salnrrfltisfl of 4(1 suh—satatahe.s
trim 055.94 ttstett 5 ssitaess’e5.

Comparison to Ituidu’estern table mines, 1 he
a 1. Id mtas ,ssre-.s essssmtlud f -- ssi, ••ts••

tUna 55t’is.i -- 5fl Wi] tt)tit1.501t 5.55555 StOite its’,: sate--

viously used ii . our extension publications
(h’ssLon i9’)-f. wheis atrisnated horn snore ,ss
in the Mi.dwest d_oudoii ‘195(5) On a dry weight
basis, the total N and Ni-l.a--N contents in
Color, ido samples were consisienrlv lower than
those front the Midwest (‘iSbie 2a), Phosphate
iPtOs) ,orirenr was ineher arnonar the CoIc,rado
naanures in three our cal lisa: eases, while its tire
other two eases, the contents were about equal.
Potash (K-U) was higher in the Colorado sam-—
pies than the Midwestern values in three out of
live mantn ‘s. but for the other two rita nun--, miss’
MiJwsssterti samples were higher,

File dry t ‘apr e’orstitnt- 0 ti-i,’ thi osde
oaanus-es sarsspied were consistently higlaer than

the Mid ‘.vest
fISlsd 21st. de a s-v-es weighs or sss Is sasss - 51555

n mm numbej of samples

To convert to English units, kg/-Mg x 2 mm b/S
:5 Mid’estemn values come from London (1985).

Colorado rnslnures had higher total .‘N’ contents
in Pant “ut sf ha-c eases, s\imiioni nm (N I-h— NI
was lower in all, of the Colorado naanures on a
‘set weim,’ht basis Colotado P-19. and K50 ceo—
tents were higher than Midwestern data fhr all
manure tupes. when evaluated on a wet weie’iat
basis.

The semi—arid and windy ehnaare of
Colorado probably leads to greater evaporation
of water and volatilization of Nl’la front manure
stockpiles, resulting in the higher dry matter val

ite5 and iowe.r contents of Ni—h—N in all of the
msnaures. Phosphate and iKO contents are prob’
a1iv fl-eater It C ,tismaO,, na notes beet see

concentration efi’ect horn the greater loss of

ors’a.nie. N. easssitsg ti-re Increase in t.ocsl N cots—

Table 1. Number of sub-samples needed to characterize selected chemical characteristics of Colorado animal manure stockpiles within 10%error at 95% confidence level.

Manure type N P K M14-N N05-N
—-----—----------—-----—--—-—--——----——----—-‘— number of sub-samples needed’

! Beast’ 17 21) 121 6-02 3: Dairy 19 42’ 14 255 1914 22t 17 11 14 711 802 42h: Sheep 13 23 19 360 688 7C)’abeken 55 31 27 443 147 43Mean of solid manures 24 27 21 278 849 17

t5i

3 5 .119 92 191 2Tdrkey 40 76 13 N1 8 0- 2Mean of composts 2116 66 110 - 316 2
- DM mm dry matter
‘ To determine the number of sub-samptes needed (N,,), the equation N mmt2CV2/p2was used (Upchurch et at. 1988). The t is Student’svalue for a specified probability; CV is the coefficient of variation; and p is a percent probable error.

Table 2a. Comparison of selected chemical characteristics of solid animal manures fromColorado and Midwest (dry weight basis).
-

Manure type Source n’ Total N NH4-N P20s KO

Beset Colorado 11 17 2 18 30Midwestt 555t7 ft 14 4-5

Dairy Cehorado 53 12 2 15 32
iS fl

‘—

—

Hs-amse Co)omado 9 12 0-,5 9

Sheer- Colorado 9 21 2 19 28MMs,-est 37 9 .40

Ctsbekon Colorado 9 25 6 54 2-8\‘litjssesSt 36- 29 54 558



weight basis).

Manure type Source n DM/ Total N NHN P20 KO

—%—
..

Beef Colorado I 1 2

Dairy Colorado 8 54 C 1
Midwest 18 4 2 2 5

Horse C4arad 70 if) 0.5 7
Mcam

Steep Colorado 9 69 14 1 13 19
Midwest 28 9 2 6 13

Chicken Celarado
. 4 32 20

n number of samples

DM. = dry matter.

To convert to English units, kg/Mg x 2 lb/t.
Midwestern values come from Loudon (1985).

tent i most of the manures. Rieck....Hins at a!.

(‘1996) also evaluated manure nutrlent content
on both wet and dee weitrht scales to detcmnsine
‘whether the dj1f7rnses in nutrIent aor’tenn’

scat-a attributable to difidrc’t a-s Sn nuiuure con—
tent In their study statistical analyses at dry
weight data resulted. in smaller but still significant
difffrences, as compared to tl’ie data analysts on

an is is or wet weinlir basis The difflirein es in

Table 3. Means and 90% confidence intervals (CT) of selected chemical characteristics (wet weight basis) of manures from Colorado, NewMexico, and Utah.

—-—-D.M-—----- —--- N— —---P20r’----—--—-
Manure type Mean Cl. n Mean Ci. n Mean Ci. n Mean Ci.
Solids

Beef 103 62, 60-69 103 12 1042 84 12 1142 64 16 16-17
Dc4,ry 795 03 50-66. 62 12 12-14 5:1 0 win 51
SeSeken “ 11 64 56-72 14 5102.1 14 31 2734 14 20 18-23.
907 6 43 2(7 7 6 6 1-10 3 22 044 3 4 0-16
Horse 9 78 73-82 9 10 8-11 9 7 64 9 18 1420
Llama 3 79 f313..52 3 1,4 6 22 3 12 846 3 27 10-44

Liquids

Dairy 18 1 02 23 46 04-48 23 02 0.1-0,5 23 46 04050

Composts

Dffry 38 77 74050 36 12 1043 36 1.1 10-12 .36 22 18-24
Turkey. 6 68 66:71 6 19 16-22 6. 40 36-44 6 23 18-26
Chicken 12 54 .1 62 .12 13 12-14 12 35 28-41 12 56 14-19

Means and Ci. in 8-

Table 2b. Comparison of selected chemical characteristics of solid animal manures from
Colorado and Midwest (wet

‘:0,..,.. --,.... ,

_____________ __________________________________

ecOs: :1.. cOmpare mum
mnan.ure pm that included samples (n8nimum
0 five m n lea mo t tee I 8-Ic 4

ii sanurc diilktc’j arn.ouc, ssatess us all, dour charac.
teristics’ measutcd. Ne.w Mexico solid dairy
muano.re consi.stcntiy had tIm hi/best i’/M,, N.
I .()-. ad l7-6’ con0’nn. 1 0’!: ‘:0 05

nttcenscdiato5i ee’.’ othet Wree mnarsore tvpes had
- elifiete.nccs among states for only one cisaractery

uric. Natty coronal had differences in. dry ma

-I

see s am fete us K
0’ mure of en:8-arity S the conIm

I d me ii t r ii if s n ss neasur ofth
prnba-u di utatsatnric e.sll tisll a’ uhin ats upper

I l,..- Ii — -i j

nu.tricnt contents were not. completely attrihut— which eva had over lie’.) samples (solid beef
able to difflirences in moisture content, manure), the 906e5 Cd.s svere extremely nai.iow;

Mountain 11-1st manure database. The data— For example, the mean total N content was 12
ns Zr tu iii ai r ia \e\ ‘N t 1

— 1

S’lezs05 ‘eand utah is sumn arzed in Table 3. 121 — 24 bat; 18- can itil erprcl mlusro t,le.an that
Althouah the data set includes a large number of

nine out of ten beef nsanure stockpiles will have
manure njpes, few of them include large sample an N content benveen 10 and 12 kg/Mg (21
turn) e from more tb in one tate (Dnh

an 1 24 lb I For means v rh ins ill sarnpk sizes

inanura type liolid beef manure) has inure than the C5I.s were ot.ten larty’r, niakitig our table Va)—

ups less precise

Me and I in k Mg lid d t L I i utd C t t It it M I ‘i
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Required n to achieve defined
range In confidence interval

2,5 kg/Mg’

— Dry matter Total N — P205

State n Mean Ci. ri Mean Ci. n Mean Ci. n Mean Ci.

Table 4. Analysis of variance and confidence intervals associated with selected chemical characteristics of manures from Colorado, NewMexico, and Utah.

—l(0——— I
Manure type

—9-—— —kg/Mgor —kg/Mgor —kg/Mgor
kg/I 000 1 — kg/i 000 L — kg/i 000 1

Pairs mural CO II 09 4 44-15 11 10 A’ 8-12 11 114 8-34 11 20 A 34-24
; NM 20 N’ B 72-84 23 12 A 11-14 23 10 A 912 23 232

Dairy hquM CO 18 1 --— 18 0,6 A O,4O,8 18 0.2 A 90.5 18 0.4 A 0.40.6
UT —- -- — 5 97A 04-1.2 B 05A 9013 5 1.48 404.9

flair aCid Cl) 22 4 B 12-53 22 10 8 8 12 11 8 A 6:10 11 16 AR 12-20
C 3 a% Jbo jtaC NA 912 16 20 122

UT 8 448 35-5.3 8 68 4-10 8 48 213 8 108 544

C’ eNs’ etc-Cl 0-0 CC A 49-71 8 15 A 822 8 .37 A 2138 8 20 A 16-23UT 6 69 A 05-82 13 .368 28-44 6 29 A 23-34 6 22 217-26
n = number of samples

t States with means with a common letter within manure type are not significantly different by analysis of variance (p 0.05).
To convert to English units. kg/Mg x 2 lb/t, and kg/lOGO I x 8.32 = lb/lOGO gal.

The merumurn number of f2rms required to Summary and ConcLusions N (NH4—N) was lower in Colorado, probably
berampled in order to reduce the C.l. to an Dry matter and nutrtent content varied cnnstd— due to greater voiatihzesnon in thu dcv -tiM

it it , i’S P ti li I . it i thin anne ee l
-

— md ire i
the range of the 90% (_: I. as a Bincimonel the gte-s we’re usriallv sufficient to charactertzc total Comparisons oil Colorado riunures to thote
sample number (Figure 1). Due to the shapes of N, P205, and kaO within a 10% errer in our from New Mexico and Utah were inconclusive,
ti-ic curves, transformations were used to Opti-- study It is impractical to sample manure fUr Almost half of the characteristics measured were
maze the fit of the rer5ression equations. Lsble 5 NFl—N and N(..)3—N inc to their lots’ levels arid significantly ditTercnt among status These differ--
sumnn]artzes tile best hr regression equations and htt,li coetticletita or variation in semi—arid areas. e-nces may he largely due to small sample sizes
their imphcations. Tlae equations with the besr fit This data should not be extrapolated to include and outliers in the relatively small data sets,
is for D.M. (R2N .81), but ir applies to the solid regions- ltere NH4—N makes up a large fraction For no Colorado State University
manures oni. Adding coniposts to the solid nf the tnt,il nt,mnure N content. Based on our Cooperative listensiorm plans to lease nmost rn—
riunitre equations fUr N and K 41) dtd not reduce htmsired dataset, it appears that nutrient manage— oininend,iitoias on Colorado satnplcs..-\s the
the R2 or p—values. The equaiton fUr PzCh fits mct,t platttiers will achieve greater accuracy in database sizes increase and the C,Ls are teduced,
the data fUr solid, eorssposted, and liquid manure. semi—arid areas using total N values alone fUr we expect that differences arrsoen. states will

i4,c-ck- I fins et .2. (I’Y)fi’ reatCl a database reiicuurie of N asatlabiiitv to crops, decrease .,ied Cssloradc, tabic- value mdl i.-cc.on:c
B-er ‘lyle-s colon es I owe ‘,vitis i Itarius. ,‘1,c’r,iOo teune tiurririst edO errs and .5ev 5510CC valuab ‘. Cut, a elects iraresre- rape has 71
Based on. our niormatson, eve reromrrsend a ns.arter were didhrent fi-ons the Mid.westetu val—- or more san-sple-s an.d tiglst e enlidence intervals-,
nainimusts of 25 farms .fdr riaanure database crc— ues’we had been using, in our extension publics— we will continue to reconaissend that livestock

I S a
—

201-3 C I. 55i1’es CI ‘ Cl - is ii’_sf one .se’reopreatci \- !sA’estce,ns zoo Civic i—I, reeves U rss’zlueer vOl rest 55;

:3 kg Mg 1.1:1 lb/tI fUr the nuttieu.ts. ice eluding 72 1999) - .Drv sssarter eoriterct was: hig.iser iss qoately in > 10), they stsou.ld use she’ seem
f)srms in e.aeis database (for cads rmnrsure tetpe) Ceshnado du.e tat’ rise serni—arh:l climate and high— Colorado —based table va.iues for best results an.cl

-. 5r / ,

‘C -.

ssuttieuts- IT-elsie IC. those of rite .tVllaiweest--erts recioto,-euszsiosuumn—

Table 5. Prediction of sample numbers needed for a manure database to achieve ranges in the 90% confidence interval of 10 and 5% for drymatter (G.M.) and S and 25 kg/Mg (10 and 5 lb/f) for N, P20s. and K5O.

Manure
characteristic Best fit equation’ R5 p Manure types included 5 kg/Mg”
i4 lo , 1 96-9 - “150/C ‘.r,/ ., 5 01 esea-ol hold 25 57
N -1/y 0.071 - 0.003 x 0,39 0,004.1 Solid, compost 10 43
CeO’: 9-9. y 1.,7 17 . 0.64.9 logs 0.32 0.0144 .Soiid, compost, liquid 11 37
i%t) -1.- 0.055 4007 cm 9 48 001)19, Solid ec’repoat 52

x r number of samples (f’irms) v = range In’ 90 confidence interval
10% for DM

::. 5% for D.Ml
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Figure z
Range in the geLs conhdence interval (for manure dry matted as a function of the number of
samples in the database for each soh.d manure tape (a), and th.e leg transformation of those data
to imnrove the regression enuation (8.
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